Reproduction Quality Notice

This document 1s part of the Air Technical Index
[ATI] collection. The ATI collection is over 50 years
old and was 1imaged from roll film. The collection has
deteriorated over time and is in poor condition. DTIC
has reproduced the best available copy utilizing the
most current imaging technology. ATI documents
that are partially legible have been included in the
DTIC collection due to their historical value.

If you are dissatistied with this document, please feel

free to contact our Directorate of User Services at
[703] 767-9066/9068 or DSN 427-9066/9068.

Do Not Return This Document
To DTIC



Reproduced by
AIR DOCUMENTS DIVISION

HEADQUARTERS AIR MATERIEL COMMAND
WRIGHT FIELD, DAYTON, OHIO




- US.GOVERNMENT

IS ABSOLVED

~

FROM ANY LITIGATION WHICH MAY

ENSUE FROM THE CONTRACTORS IN -

FRINGING ON THE FOREIGN PATENT

RIGHTS WHICH MAY BE INVOLVED.







Q
~
=
2
e
<
~J
O
<
=

’




—
D52.322 A2

MR Jan. 1943

/u‘tr ESS’Ip;

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

T, 69
:.'\“li-’.'.? . 6 Sgé\

A

WARTIME REPORT

ORIGINALLY I55UED
January 1943 as

Menorandum Report
WIND-TUNNEL IKVESTIGATION OF PROFILE DRAG AND LIFT OF
AN INTERMEDIATE WING SECTION OF THE XP-51 AIRPLANE
WITH BEVELED TRAILING-EDGE AND CONTOUR AILERONS
By Frack T. Abbott, Jr, and William J. Underwood

Langley Memorial e:era:mti;nl Laboratory " 'b\.l
FILE ROPY &

Rt! \a IO
|.smmfh—hﬂWF-5

ial Docun
mht Fieid seieience Library Section
Ait Doc:ments Uiysion — Inteligence (- -2)

T "NACA

WASHINGTON

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of

advancc research results to an authorized group requiring them for the war effort. They were pre-
ome of these reports were not tech-

viously held under a security status but are now upclassified, S
nically cdited. All have been reproduced without change in order to expedite general distributjon.

L =615




MEMORANDM REPCORT
.

for the
Army Afp Forces, Matepte) Cormana
WIND-TUNNFL IHV?STIGATIC? OF PRYRITT™ DRAR AND LIPT op
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By Prank T. Abbott, rp, and T1111ga;; J. Underwoca
INTRCDUOTION

The 1esults of fiight inveatigations showed that
a beveled tralling-edge Aileron &ave as low gop a lower
prbrile ara; than g contoup aileron, ag th;s was’
contrary tq the generg) expactatiou, it was folt
desiratie to condugt & wiad-tunnel 1nvestigation of a

88ale model o the wing Soction ygeqg in flight, Section

Profile druz ang Section 1ift ut £y ht Reynolgs numberg
: .4

were to be obtaineqd with ¢ )88 of aillerong,
Section refije drg - an:d 111 cocefficients at Meynolasg

humbers of approxlmately 6,003,000, 9,000,000, and
13,000,900 gpe Presented hereipn from the tests in the yaga
two-dimensional low-turbulence Pressurs tunnel,

Mopzr,

4 scsle mode) having a wing chopg ¢ of 36 inches was
made to ¢orrespond to an intermedinte gection ovap thg
.nileron porfion el’ the wing 1¢ inches outbogpa fren the
inboarg ond of the right alleron of the ¥r.s5; airnlane,

This was the same section ygg: in measuring profrile drag in
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flight (reference 1), The ordinates of the gection

{.tablg 1) were measured from the actuel airvlane

wing. The scale model, which vas made of laminated
mehogany, vas falred according to the measured ordinates

with the exception cf several sligh%ly unfoir ordinates on
the upper and lower surfaces in the vicinlty of the lealln:
edge, which were neglected in falring the alrfoll contour.
This unfairness of the meesnred ordinates was nreodely due

to the actual sirvlane wings 2eing slightly unfalir at the
front =par. A bum» vas present on the lower surface of the
model at tre allernn Li-ue simuleting; the contour of the
alleron prclscting belcw She lower anrface at the hinge line.
This buﬂﬁ was oresent in the 2lain girfa1) configuretion
(fig. 1) as w~L.1 a3 the twvo alleron confipuratlons (figs. 2
and 3). The meodel wes made in two parts with a single front
part which assembled with one of three rear parts to form the
plane airfoll section (fig. 1) or an airfoil section with
elther the 0.18%e beveled trailling-edge alleron (fig. 2) or
the 0.1%7c¢ contour-sheped aileven (fig. 3). The lnternal
shapes in the alleron balance chamber wers scaled from the

actual sectlon tested in flight. Both allerons were hinged

at 0.013¢, whilch resulted In a wing cherd section ¢ of

about 36.1 inches for the baveled tralllng-edre eeniipuration,
The beveled tralling-edge alleron configuration was tested un-
sealed.  The contour alleron conflguration was tested both

unsealed and sealed,
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HETHOD
Lift and drag measurements of the rodel were made by
methods deseribed in rerarencé 2. The profilae-drapg and
1ift coefficients for all enfipurations were based on a
nominal wing chord e of 3£ inches.l
The conteour aileron waz sealed by »lugeing the allsron
curtain gaps witk madeling clay. The discontinﬁity at the
gaps wes not falred aut, ag shown in the nhotogrsph 9r

fipure 3%.

- o

lafter this report was issued in 1ts original form,
certain refinementas were made in the method of oomruting
1ift coeffictents. All 1ift coefficients given in this
report should thersfore be corrected by the following
equations

wam——

€3 (corrected) = 0796601 + °'°26°lb

whers o; 1s section 1lift ooefficient presented in this
report and °1b is glven in the following table:

Alleron
deflection
]




- h -
RESULTS AND DISCUSSION

The results of the tests of the three configurations
are presented in figures | to 12, Comparison curves of the
oonfigurations are given in figures 13 and 1. Alleron
effectiveness %%- of the two alleron oonfigurations is
given in table II.

The commarison of seéction 1lift charactcristics at a

Reynolds number of 13,000,000, given in figure 13, shows

that the plain airfoil had the highest slope with a
4o
Ja

a=0 de
-configuration with a (53%>a_0 of 0.11;; by the unsealed

of 0,115; followed by the sealed contour aileron

contour alleron configuration with a g%%) o of 0.112;
a=
and last by the beveled trailing-edge alleron configuration

dcl
with a ia 0 of 0.105. A maximum section lift co-
a=

efficlent of 1,795 for the plain alrfoil sectlon is very
good. The aileron oonfigurations with the aileron neutral
show a loss in meximum 1ift, Sealing the gaps of the
oontour aileron had little effect on either the slope of
the 1ift curve or the maxirum 1ift oocefficient.

The aileron effectiveneas, presented in table II as
the effeotive chenge in angle of attacl? per unit change in
alleron angle (denoted by 4a/ad), shows that the oontour

alleron, either sealed or unsealed, has an appreciably
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higher Aa/A8 than the beveled trailing-edge alleron.
Searling the aileron geps of the oontour aileron resulted
in a amall irmprovement in effectiveness,

Although no study of hinge moments was included in
the present investigation, it apreers {reference 3) that
this loss in effectiveness of the beveled trailing-edge
alleron can be rore than counteracted by using larger
aileron deflections than would be obtainable with the
wnbalanced contour aileron with permissible stiok forces,
The final effeotiveness of the beveled tralling-edge
aileron would apnear, however, to be less than that of
& properly balanced contour aileron,

The comparison of the drag polars, with the aileron
neutral, given, in figure 1ll;, shows that the section'profile

drag coefficient cdo i8 lowest for the plain airfoil
min
seotion. The oontour alleron configuration, sealed and une

sealed, shows a slightly higher odo thar the plain air=-

foll sectlon. In the sealed condition the contour alleron
shows the same profile drag &s the plain airfdll section
outside the low-drag range. The beweled tralling-odge
alleron configuration shows an increase in cdo throughout
the test range. In the low-drag range the pevelad
trailing-cdge alleron configuration shows en increase

in the profile drag (;domiq) cf about 0,0003 over the
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plain airfoil aection drag and possibly 0.0002 over the

contour alleron configuration section drag.
CONCLUDING REKARKS

The sectlon profilo-drag coefficlent of the beveled
tralling~edge alleron configuration was slightly higher
than for the contour alleron configuration.

The soction alleron effectiveness oor unlt alleron

deflection of the beveled tralling-edge alleron unsealed

was aporoximetely 80 percent of the effeotivensss of the

gontour alleron, unsealed.

TLsngley Memorial Aeronautical Laboratory,
National Advisory Cormittee for Aeronautlics,
Langley Fleld, Va., Jenuary 27, 1943.
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TABLE II
CRANGE IN EPPECTIVE ANGLE OF ATTACK PER UNIT CHANGE
OF AILERON ANGLE OF A SCALE MODEL OF THE INTER-
MEDIATE WIN? SECTION OF THE XP-51 AIRPLANE
(%or aileron deflections, 8,, < +18° R, 13 x 106 approx.)

Alleron oonfiguration ( %‘8‘.) 0 (
0 =

)01 =7

Beveled tralling~
odge & 0.37 0.36

Contour type
unaulozp ' 46 ol

Contour type,
sealed

NATIONAL ADVISORY
COMMITIEE FOR AERUNAUTICS
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ABSTRACT:

Section profile drag and section lift at flight Reynolds Numbers were obtained

with two types of ailerons tested to verify questionable flight investigation results,
Conclusfons show that the profile-drag cceificient of the beveled trailing-edge
alleron configuration was slightly higher than for the contour alleron configuration,
Section alleron effectiveness per unit aileron deflection of the baveled trailing-edge
alleron was approximately 80% of the effectiveness of the contour alleron.
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